Data Warehousing and
Data Mining

cP51le
Introduction to Database Systems

Announcements (November 23)

% Homework #5 graded

" Pick them up from Ying during her office hours
# Homework #4 due today

¥ Sample solution availlable next Tuesday
4 Course project demo pericd: December 5-15
% Final exam next Saturday, Dwec. 13, 7-10pm

" Agmin, open book, cpen notes

¥ Focus on the sscond half of the course

¥ Sampls final nexr Tussday

¥ Sample final solution available Thursday

Dara integration

% Data resides in many distributed, hetercgenecus
OLTF (On-Line Transaction Processing) sources

¥ Sales, inventory, customer, ...
" NC branch, NY branch, CA branch, ...
% Need to support OLAF (Cn-Line Analytical
Processing) over an integrated view of the data
% Possible approaches to integration

¥ Eager: integrabes in advance and store the integrated data
at a central repository callad the data warshouss=

¥ Lazy: integrate on demand; process quenes oves
distributed sovrces—mediated o fedecatad svskbems

OLTP versus OLAP

OLTE OLAFP
¢ Mostly updates # Mostly reads
% Sheoee, simple transactons % Long, complex quarias
4 Clerical users 4 Analysts, decision malescs
& Zoal: ACID), transaction # Goal: fast queries
throughput
Imaplications on database dasign and optimization’?
OLAP databases do not care muoch about redundancy
= “Dicnoemalizc” tablos
= Adany, many indoacs
® Procoompubod goory somulis

Eager versus lazy integration

Eager (warshousing)
% In advance: before quenes
4% Copv data from: sources

= Answer could be ceals
= Neaed o maintain
conustency
= Query processing s local to
the worshouss
= Fastox

® {Can opcratc when sourocs
arc unaraiablc

Lazy
# On demand: at query time
4 Leave data at sources

= Answer 15 more up-to-date
= No need to maintain
consstency
= Sources participate 1n
Query processing
= Slower
® Intocrfores with lol
FIOCTHSNE

Mainraining a data warehouse

4 The "ETL" process
» FExtraction: oxtract relcrant daka and/ac changcs from sowrocs
® Transfermation: transfoem data bo makch the waxchouse schama
= I cading: intcgrabe data'changos inko the waschousc
% Approaches
= Rooomputation
= Exsy o implemms; jeat ‘hker poriodic diemrepn of the roures, iy, coory ciglet
= k=t i Hoors in oo “mmght,” sy, 2 plobal copanizstion?
= T lknt if pccomnpubsbion 'Wleey meoes Bhan o dep?
® Incaroocotal maintcoanoc
= Competr ond apply enly morcmentsl chemges
= Pt if changes marc a=mall
= Mot sz ba da for complisbed remfoemations
= HMicod ta detert incrementsl chamgees ot Hes scourres




“Star” schema of a data warehouse
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Data cube

simplificd schoma: Sal (CTL, PID), SID, go0)

Completing the cube—plane

Total quantity of salcs for cach product in cach storc
SELECT PID, SID, SUM{gty) FROM Sale
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Completing the cube—axis

Total guantsty of sale for cach produoct
SELECT PID, SUM{qty) FROM Sale GROUP BY PID:
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Completing the cube—origin
Total quantity of salos
Dyadues SELECT SUM(qgty) FROM Sale;

':Jl-r—.l-._-:n-:l:l=5. "._1‘5.!::,:.5}:5

{ALL £, 117 =3 =.".J-'i'-!|:.l|-:'=: i

Sro
A
- /9/ i S 5, ol ali=2
. Further projoct points onto the origin
O rmer
.|=LLI. :5 Cﬂ :5

CUBE operator

& Sak (CID, PID, 5ID, giy)

# Proposed SQL extension:
SELECT SUM({gty) FROM Sale
GROUP BY CUBE CID, PID, 3ID;

% Output contmns:
» Mormal groups prodaced by GROUP BY
= {=1, @l, al, w=md, V=1, g, 08, mam, cbe
" (zroups with ooc or mogc ALL':
= [ALL, gl, al, sum] (=, ALL, ALL sum], (ALL, ALL, ALL, sum] zto.
4 Can vou write a CUBE query using anlvy GROUP BY <2

Gray ot al., "Data Cubc: A Rdational Aggrozation Oporatos
roncralizing {sronp-By, Cross-Tab, and Sub-Taotal.” ICDIE 19945




Automatic summary tables

% Computing GROUP BY and CUBE aggregares is
EXpEnsTe
% OLAT queries perfu:-rm these Operations over and

OVer Again

'rIdEE.: PI‘E'I:l'_'lﬂI'.l.PutE' E_'l'.l.d store t}l'E H.EHI‘EEE.'.'E‘E a5
automatic summary tables (a DB2 tecm)
" Muntmned automatically as base data changes
" Same ac matenalized vews

Agegregation view lattice

SROUF BY &
Faoll up M
&
GROUF BY GROUF BY GROUF BY
CID Pl% 3D
GROUF BY GROUF BY GROUF BY
CID, TPID CID, SID FID, 51D
S
Dicill down W
GROUF BY A parent can be

CIDy, FID, SIDy computcd from any child

Selecting views to marerialize

4+ Factors in deciding what to matenalize
= Y&hat is its storagc cost?
= What is its updatc cost?
= Which gucrics can bondit fromm it?
® How much can a quory bonctit fromm it?
4 Example
= GROUF BY B is small, baok not usciul to maost quorics

s GROUFP BY CID, FID, SID ix usdul to any guoy, but too lasgc
to b bonciical

Harinarayan ¢t al., “Implcmonting Data Cobos Efcontly.” SIGMOD
1205

Darta mining

% Dara — knowledge
& DBMES meets Al and statistics

% Clustering, prediction (classificarion and regression),
association analysis, outlier analysis, evolution
analysis, etc.

" Usuwally complex statistical “quenes” that are difficult to
answer — often specalized algonthms outsid= DBMS

# We will focus on frequent itemset mining

LT

Mining frequent itemsets

% Given: a large database of

transactions, each CONtRinIng Tl dEapm mie =i

a set of items

» . . -
Exarmple: markst baslets | Toos | dizp i o

% Find all frequent itemsets | oo | disp ber
008 | milke b

W A cet of itamns X iz frequent if D007 | dizp b
o less than r T of all [ |
transachions conkboin -1

" Examples: {diaper, bear], o
{scanner, color printer}

maz mﬂ}.g;
o0 | oolk b

First try

% A naive algorithm
¥ Kaep o running count for sach possible ibennser

® For =ach transaction 1, and for sach itermset X, i T
contains X then incoasnent the count for X

¥ Raturn itemssts with lorge snough counts

4 Problem: The number of itemsers is huge!

W 2% orhers m 13 the aember of iterms

4 Think: How do we prune the search space?




